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Abstract. Understanding large-scale spatial variation in ecosystem properties and
associated functionality is key for successful conservation of ecosystems. This study provides a
template for how to estimate differences in ecosystem functionality over large spatial scales by
using groupings of biological traits. We focus on trait groupings that describe three important
benthic ecosystem properties, namely bioturbation, community stability, and juvenile dispersal.
Recognizing that groups of traits interact and are constrained within an organism, we
statistically define important functional trait subgroups that describe each ecosystem property.
The sub-groups are scored according to their weighted ecological impact to gain an overall
estimation of the cumulative expression of each ecosystem property at individual sites.
Furthermore, by assigning each property a value relative to its observed maximum, and by
summing up the individual property values, we offer an estimate of benthic ecosystem multi-
functionality. Based on a spatially extensive benthic data set, we were able to identify coastal
areas with high and low potential for the considered benthic ecosystem properties and the mea-
sure of ecosystem multifunctionality. Importantly, we show that a large part of the spatial vari-
ation in functional trait sub-groups and in benthic ecosystem multifunctionality was explained
by environmental change. Our results indicate that through this simplification it is possible to
estimate the functionality of the seafloor. Such information is vital in marine spatial planning
efforts striving to balance the utilization with the preservation of natural resources.
Key words: Baltic Sea; benthic communities; ecosystem multifunctionality; groupings of biological
traits; marine spatial planning; sediment ecosystem function; spatial distribution.
INTRODUCTION
A large part of the world’s population lives beside the
sea and relies on the essential goods and services that the
marine ecosystems provide. Simultaneously, human activ-
ities are increasingly disturbing coastal environments
(Halpern et al. 2008), resulting in habitat alterations and
degrading biodiversity (Lotze et al. 2006). This undermi-
nes species’ contribution to important ecosystem func-
tions. Ecosystem functions underlie the properties, goods
and services of an ecosystem, with ecosystem properties
representing pools of materials and process rates, and
also ecosystem stability and resilience (Hooper et al.
2005). Efforts are being made to preserve the functional-
ity of coastal ecosystems by implementing ecosystem-
based management through marine spatial planning
(MSP; Foley et al. 2010). An effective MSP should be
based on information regarding the spatial dynamics of
biodiversity and ecosystem properties, which ensures that
the desired ecosystem functions are, in fact, provided
(Foley et al. 2010, B€ohnke-Henrichs et al. 2013).
Spatial data on biodiversity and associated ecosystem
functions is often scarce in marine systems, due to logisti-
cal difficulties with obtaining data and financial con-
straints. Hence evaluations of biodiversity–ecosystem
function relationships are often performed over small
spatial scales (Snelgrove et al. 2014), but see, e.g., Lohrer
et al. (2015) for an example on how field data can be
used to upscale ecosystem functions across time and
space. Still, as marine ecosystems often span habitats
and environmental and anthropogenic gradients, the
extrapolation of local properties onto larger scales is
complicated, undermining our ability to assess real-world
contributions of biodiversity to ecosystem function
(Snelgrove et al. 2014). Functional biogeography, i.e., the
examination of patterns, causes, and consequences of the
spatial variation in biological trait diversity, could bridge
the gap between biodiversity patterns and ecosystems
functions over larger scales (Violle et al. 2014).
Biological traits are the morphological, physiological,
phenological or behavioral features of an organism that
describe its performance (Violle et al. 2014). Traits are
often used as surrogates for ecosystem properties as they
have been documented to affect multiple ecosystem
functions, such as nutrient cycling (Norkko et al. 2013),
primary (Lohrer et al. 2015) and secondary production
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(Bolam and Eggleton 2014), and sediment erodibility
(Harris et al. 2015). The trait expression of differing tax-
onomic communities is found to be rather consistent
over large geographic scales, as a result of environmental
filtering (Poff 1997, Statzner et al. 2001, Bremner et al.
2006, Hewitt et al. 2008, Tolonen et al. 2016). This con-
sistency enables comparisons of ecological functions
over larger areas, where differences in species composi-
tion could make traditional, species-based assessments
difficult (Bremner et al. 2003). Importantly, biological
traits are known to respond to environmental change
(Lavorel et al. 2011) as well as anthropogenic distur-
bances (Villn€as et al. 2011, 2013, Mouillot et al. 2013).
Biological traits can also highlight small-scale environ-
mental heterogeneity (Bremner et al. 2003). While differ-
ences in functional expressions between habitats have
been attributed to differences in organisms’ densities,
within-habitat differences can be due to presence/ab-
sence of individual traits (Hewitt et al. 2008).
To improve the predictive performance of trait-based
approaches it is important to recognize that traits inter-
act and are constrained within a species (Poff 1997, Pear-
son 2001, Verberk et al. 2013, Winemiller et al. 2015,
Greenfield et al. 2016). Trait interactions occur if the
possession of a certain modality inclines a species to
express other specific features (Verberk et al. 2013).
Interactions among traits are the result of the adaptive
responses of species’ to their prevailing environment as
well as natural selection (Poff 1997, Pearson 2001, de
Bello et al. 2010, Verberk et al. 2013). Although the the-
oretical number of random trait groupings can be poten-
tially large, only a small subset of combinations might
be present if the realized linkages among species’ traits
are accounted for. The use of trait groupings could be
especially helpful when exploring spatial variation in
ecosystem functioning, as they could enable the identifi-
cation of trait modalities most important for the func-
tions under consideration and improve the signal to
noise ratio by avoiding the averaging effect (Verberk
et al. 2013). The separation of overall trait composition
into functional groups might thus increase the variation
explained by local environmental drivers (Tolonen et al.
2016). An increasing number of recent studies are
accounting for the way that trait modalities interact and
are constrained within a species (e.g., Sirot et al. 2015,
Greenfield et al. 2016, Tolonen et al. 2016).
The approach of considering combinations of biologi-
cal attributes, in terms of functional groups, has a long
history in marine benthic ecology (e.g., Fauchald and
Jumars 1979, Bonsdorff and Pearson 1999, Pearson
2001). We argue that such groupings of biological traits
could be particularly useful when assessing spatial varia-
tion in benthic ecosystem properties across habitats and
environmental gradients. The Baltic Sea offers the per-
fect setting for exploring spatial variability in groupings
of biological traits. The structural and functional biodi-
versity of the benthic communities in this estuarine area
is naturally reduced due to the low salinity (Bonsdorff
2006, Villn€as and Norkko 2011), and the biological traits
of the residing species are consequently quite well
known. Furthermore, as the potential for functional
redundancy might be lower here than in more diverse
systems (Elmgren and Hill 1997), disturbances might
have far-reaching consequences for ecosystem function-
ality. Although this brackish water body is continuously
exposed to multiple stressors, including widespread
eutrophication-induced hypoxia as a major threat to
benthic ecosystems (Conley et al. 2011, Norkko et al.
2015), spatial variation in benthic ecosystem functions
has rarely been considered in ecosystem based manage-
ment or marine spatial planning in the Baltic Sea. The
aim of this study is to offer a template for how to esti-
mate large-scale spatial variation in benthic ecosystem
properties by using groupings of biological traits. We (1)
statistically confirm trait groupings in order to (2) exam-
ine large-scale spatial variation in important benthic
ecosystem properties and (3) explore their response to
environmental change. We account for the fact that each
functional trait subgroup may have a unique contribu-
tion to the cumulative expression of an ecosystem prop-
erty and acknowledge that species simultaneously affect
multiple properties by illustrating the spatial pattern in
benthic ecosystem multifunctionality.
We focus on three properties performed by the benthic
community, i.e., bioturbation, community stability, and
juvenile dispersal potential. These properties are key
components of essential functions provided by coastal
benthic ecosystems. Benthic bioturbation influences the
cycling of organic matter, energy, and nutrients (Kris-
tensen 2000). Specifically, size, environmental position,
and reworking mode of the benthic fauna are essential
traits that regulate biological sediment mixing, which
directs sediment oxygen and redox gradients and ulti-
mately the cycling of carbon and nutrients (Kristensen
2000, Solan et al. 2004, Queiros et al. 2013). Commu-
nity stability and the potential for juvenile dispersal con-
tributes to the stability and recovery potential of the
benthic ecosystem when facing environmental change
(Foley et al. 2010, Pilditch et al. 2015). Traits such as
size and longevity represent the stability of a community,
as the presence of large, long-lived species is indicative
of a mature community (that has not been severely dis-
turbed during a longer period; Pearson and Rosenberg
1978). Such species can also function as facilitators
through improving living conditions and offering refugia
for other species (Norkko et al. 2006, Thrush et al.
2006). Furthermore, changes in body size patterns are
likely to affect predator–prey interactions, which deter-
mines food web stability (Emmerson and Raffaelli 2004).
From a benthic ecosystem function perspective, disper-
sal, re-colonization, and connectivity are essential for
maintaining biodiversity and the resilience of the ecosys-
tem (Pilditch et al. 2015). Especially in shallow coastal
and estuarine areas, where the benthic and pelagic realm
are intimately linked, the considered properties are
important for the functioning of the entire ecosystem
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(Kristensen et al. 2014, Griffiths et al. 2017). Still, even
in open waters, the functions provided by the benthic
communities have proven to be important from an
ecosystem perspective (e.g., Norkko et al. 2015, Belley
and Snelgrove 2016). Consequently, we argue that these
properties are essential for sustaining ecosystem func-
tions and services in disturbance-prone coastal areas, as
exemplified in this study by focusing on the Baltic Sea.
METHODS
The sampling area was located in the northern Baltic
Sea, at the southwestern coast of Finland (Fig. 1). This
non-tidal region is characterized by an irregular coast-
line and an extensive archipelago of thousands of
islands. Soft-sediment benthic communities at 427 sites
were sampled in August to September of 2012. Sam-
pling sites were selected by random stratification, using
modeled depth, wave exposure, salinity, and turbidity.
Generally, sites were situated within a depth range of
0.5–25 m (Appendix S1: Table S1). GPS coordinates
(decimal degrees) and depth were measured at all sites
at the time of sampling. The samples cover a large area
encompassing four different water types (separated
according to the typology of the EU Water Framework
Directive on the basis of salinity, location, duration of
ice coverage, substratum composition, and wave expo-
sure [Vuori et al. 2006]). The four water types describe
a complex archipelago and are further divided into 17
different water basins (Karonen et al. 2015), according
to hydro-morphological, biological, and physicochemi-
cal differences (Fig. 1).
Benthic macrofauna was collected with one replicate
sample at each site. At 335 sites, a Petite Ponar grab sam-
pler (231 cm2) was used, while 92 additional sites were
sampled by a Peterson grab (450 cm2). Individual counts
were converted to density (individuals/m2), and statistical
analyses confirmed that no differences between the two
sampling methods occurred (ANOSIM global R = 0.07,
P = 0.97). Samples were sieved using a 0.5 mm mesh and
preserved in 70% ethanol. Species were sorted and enu-
merated to the lowest practical level using a binocular
microscope. The benthic fauna was dominated by the
bivalveMacoma balthica, gastropods belonging to Hydro-
biidae, the polychate complex Marenzelleria spp., as well
as species belonging to Chironomidae. Meiofauna
(Turbellaria, Nematoda, Ostracoda, and Oligochaeta),
pelagic (Mysidaceae, Palaemon elegans, Hydracarina), and
parasitic species (Helobdella stagnalis, Piscicola spp.) were
excluded from the data set. Wave exposure was modelled
for all the sites in the data set (Bekkby et al. 2008).
For a more rigorous analysis of the relationships between
trait groupings and environmental variables, a subset of 72
sites sampled in 2012 were revisited in the summer of 2013,
when additional environmental variables were measured
(Fig. 1; Valanko & Kauppi). The sediment was sampled
with an Ekman grab and analyzed for organic matter
(LOI) and sediment grain size (gravel, 2 mm; very coarse
sand, 1 mm; coarse sand, 0.5 mm; fine sand, 0.25 mm;
very fine sand, >0.063 mm; and mud, <0.063 mm). Depth,
bottom, and surface water salinity and temperature were
measured with a conductivity, temperature and depth
probe, while bottom water oxygen concentration (mg/L, %)
was determined with the Winkler procedure. Water
FIG. 1. The different water basins considered in this study are outlined; for basin numbers and corresponding names see
Appendix S3: Table S1. The water basins represent the following water types; the inner (light blue) and outer (dark blue)
archipelago areas of the Gulf of Finland and the southwestern Finnish archipelago. Circles mark the sites sampled in 2012 while
triangles mark the subset of sites revisited in 2013 for quantification of environmental variables. [Color figure can be viewed at
wileyonlinelibrary.com]
80 ANNAVILLN€AS ET AL.
Ecological Applications
Vol. 28, No. 1
transparency (Secchi depth) was assessed with a Secchi
disk. Importantly, the subset of sites represented the vari-
ability in environmental and benthic parameters of the
extended data set (Appendix S1: Table S1).
Groupings of benthic trait modalities
Proxies of three benthic properties, i.e., the bioturba-
tion potential, the stability of the community and the
potential for larval dispersal, were investigated by using
expert definition of the biological traits contributing to
the expression of each property. In total, seven traits and
26 different trait modalities were considered (Table 1).
Species were assigned to these trait modalities using
published classifications as well as taxonomic and mor-
phologic sources of information (e.g., Fish and Fish
1996, MarLIN 2006, Valanko et al. 2010, T€ornroos and
Bonsdorff 2012). To account for the multiple modalities
TABLE 1. Traits and trait modalities selected to represent the considered benthic ecosystem properties (EP) and functions (EF).
Ecosystem function, ecosystem property, trait groups, trait modalities Explanation
Nutrient cycling, bioremediation of waste, sediment stability
Bioturbation potential
Sediment reworking mode
No transport
Surficial modifier modifies the sediment surface
Tube-dweller builds and dwells in a tube
Bio diffuser moves particles in random manner over short distances
Gallery diffuser excavates burrows, particles moved by biodiffusion
or directly
Environmental position
Infauna top in the uppermost 2 cm of the sediment
Infauna bottom in deeper layers of the sediment (2–5 cm)
Pelagic in the water column
Epibenthic on the sediment surface
Maximum size
Very small <0.001 g
Small 0.001–0.01 g
Medium 0.01–0.1 g
Large 0.1–1.0 g
Resilience
Stability
Longevity
<1 yr
1–2 yr
2–5 yr
5–10 yr
Maximum size
Very small <0.001 g
Small 0.001–0.01 g
Medium 0.01–0.1 g
Large 0.1–1.0 g
Dispersal, recovery, resilience
Potential for juvenile dispersal
Reproductive frequency
Semelparous breeds only once, then dies
Annual episodic breeds every year in discrete periods
Annual protracted breeds every year during an extended period
Larval type
Direct development development without a larval stage
Lecitotrophic larvae nourished on internal resources
Planktotrophic larvae feed on planktonic material
Duration of planktonic larval stage
None no planktotrophic larval stage
Planktotrophic_days planktotrophic larvae during days
Planktotrophic_month planktotrophic larvae during month(s)
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species usually express within a trait, the fuzzy coding
procedure (Chevenet et al. 1994) was used, allowing spe-
cies relative affinity to modalities to differentiate, sum-
ming up to 1 within a trait. The fuzzy coded trait
expressions of individual species were scaled up by cor-
recting each modality for species- and sample-specific
abundances, creating a site-by-trait matrix.
Groups of traits expected to contribute to the magni-
tude of each property at a site were defined (i.e., func-
tional trait groups; see Table 1) and each species was
then assigned to a single functional trait subgroup (not
fuzzy coded) that represented its maximum potential for
benthic bioturbation, stability and dispersal (Figs. 2, 3,
Table 2). For estimating benthic bioturbation potential,
traits representing faunal environmental position, sedi-
ment reworking mode, and maximum size were consid-
ered and five subgroups representing different degrees or
types of bioturbation were defined (Table 2). To estimate
the stability of the benthic community, species’ longevity
and maximum size were used to define three subgroups
representing different contributions to community stabil-
ity (Table 2). Finally, the potential for larval dispersal
(here represented by reproductive frequency, larval type,
and the duration of planktonic larval stage) has
Trait modalies
1. Non-random trait interacons
Trait Subgroup 1      Subgroup 2    Subgroup 3                    
Ecosystem properes
A B C
Ecosystem mulfunconality
2. Importance for ecosystem properes
En
vi
ro
nm
en
t
3. Mulple, interconnected properes
FIG. 2. Conceptual figure identifying (spatial) patterns in ecosystem multifunctionality by using groupings of biological traits.
As a result of environmental filtering, species’ traits do non-randomly interact (1) enabling the identification of subgroups of traits
having differing importance (2; width of arrows) for directing ecosystem properties. The simultaneous contribution of species to
multiple, interacting properties (3) is considered by combining several properties in an estimation of ecosystem multifunctionality.
[Color figure can be viewed at wileyonlinelibrary.com]
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traditionally been considered important for re-coloniza-
tion over large scales (e.g., Whitlatch et al. 1998, Pilditch
et al. 2015). Four subgroups representing different
degrees of larval dispersal in space and time were defined
(Table 2).
For each functional-trait grouping, the relations bet-
ween the biological trait modalities comprising the sub-
groups were explored by using multivariate analyses (e.g.,
Figs. 2, 3). The trait similarity matrix underlying the
analyses was based on Whittaker’s index of association,
calculated on square-root-transformed and standardized
data. Starting from the site-by-trait matrix, SIMPROF 2
and 3 tests were performed to objectively detect associa-
tions between trait modalities for each ecosystem prop-
erty. SIMPROF 2 was used to test whether the
combinations of biological traits exhibited by a species
were random or whether there is some structure (rela-
tionship) between traits. Sub-groups of traits were further
identified with cluster analyses (complete linkage) and
SIMPROF 3 was used to explore the uniformity of trait
similarities within subgroups (Clarke et al. 2014). Finally,
the trait combinations were inspected with coherent spe-
cies curves and compared with the subgroups identified
by expert opinion (Fig. 3).
Spatial patterns in benthic ecosystem properties
To identify functionally diverse sites, the number of
species, trait modalities and functional trait subgroups
were calculated for each site. The relationship between
these variables was examined with nonparametric Spear-
man q. The nonparametric Kruskal-Wallis test was used
to detect differences in the number of functional trait
sub-groups between water basins. Significance values for
pairwise comparisons were adjusted by the Bonferroni
correction for multiple tests (Fig. 3).
Spatial differences in functional trait sub-groups
between water basins were examined and the subgroups
Biological traits
Identificaiton of important
groups of traits directing EP
Trait subgroups
Re-appointment of spp. and 
individuals to trait subgroups
(based on matrix 1)
Ecosystem property
The sum of weighted and 
abundance-corrected trait
subgroups
Estimation of 
multifunctionaliy
The sum of values of several
properties.
Spatial differences:
Univariate: Kruskal-Wallis (SPSS)
Multivariate: ANOSIM and SIMPER (PRIMER).
As directed by environmental variables: DISTLM 
(PERMANOVA+)
Spatial differences: 
Spatial clustering and outlier
analysis (Local Moran’s I; ArcGIS)
As directed by environmental
variables: DISTLM (PERMANOVA+)
Underlying estimations
and analyses
Assessment of change: 
statistical analyses
Species by trait matrix (1)
Site by trait matrix (2) 
(Fuzzy coded and abundance
corrected)
Cluster, SIMPROF, coherent
spp. curves (PRIMER; based
on matrix 2)
Each property is assigned a 
value relative to its max. 
potential, based on its
percentile distribution
Step 1
Step 2
Step 3
Sub-groups are
weighted according to 
their impact on the
property (0–3: no to 
high impact)
FIG. 3. Template for using biological trait groupings when exploring variation in ecosystem properties (EP) and multifunction-
ality. Groups of traits important for directing ecosystem properties are selected. Subgroups of traits are identified by expert opinion
and statistically confirmed from a site-by-trait matrix (Step 1). The subgroups are scored according to their estimated (0–3; no to
high) impact on the property under consideration (Step 2). The cumulative expression of one property represents the sum of its
weighed and abundance-corrected trait sub-groups. For evaluating ecosystem multifunctionality, each property is ranked (based on
its percentile distribution) and assigned a value relative to its maximum (max., Step 3). Individual property values are summed to
create an overall estimation of ecosystem multifunctionality. Univariate as well as multivariate analyses can be used for assess
change. Please note that Step 1–3 also correspond to the numbers given in Fig. 2. All phases involving literature-based assessments
or expert judgement are shown in italic typeface.
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contributing to these were identified (one-way ANOSIM
and SIMPERof Bray-Curtis similarities [Fig. 3]). The Bray-
Curtis measures were based on square-root-transformed
data, and the analyses were performedwith the PRIMER 7
software (Clarke et al. 2014, Clarke andGorley 2015).
Finally, in order to estimate the cumulative expression
of each property (i.e., bioturbation, stability, and juve-
nile dispersal) at a site, the functional trait subgroups
were scored according to their weighted impact on each
property. Trait groupings estimated to have a greater
impact on the considered property got a higher value
(0, no impact; 1, low; 2, medium; and 3, high; Table 2,
Fig. 2). The sum of these scored, abundance-corrected
trait groupings represent the cumulative expression of a
property at a site (Fig. 3).
Estimation of multifunctionality
All three properties, i.e., bioturbation, stability, and
juvenile dispersal were considered when estimating the
potential for benthic ecosystem multifunctionality
(EMF). Each property was assigned a value relative to
its observed cumulative expression in the study area.
Observations were divided into percentiles (the 25th,
TABLE 2. Sub-groups of traits depicting benthic ecosystem properties such as bioturbation, stability and larval dispersal.
Species
Groupings of biological traits
Bioturbation Stability Dispersal
Sub-groups Impact score Sub-groups Impact score Sub-groups Impact score
Halicryptus spinulosus B5 3 S3 3 D2 1
Cyanophthalma obscura B3 2 S1 1 D2 1
Macoma balthica B4 3 S3 3 D4 3
Mytilus trossulus B0 0 S3 3 D4 3
Mya arenaria B4 3 S3 3 D4 3
Cerastoderma spp. B3 2 S3 3 D4 3
Anodonta spp. B3 2 S3 3 †
Theodoxus fluviatilis B1 1 S2 2 D2 1
Valvata spp. B1 1 S1 1 D2 1
Hydrobia spp. B1 1 S1 1 D3, D4 3
Potamopyrgus antipodarum B1 1 S1 1 D2 1
Bithynia tentaculata B1 1 S1 1 D2 1
Limapontia capitata B1 1 S1 1 D3 2
Alderia modesta B1 1 S1 1 D3 2
Marenzelleria spp. B5 3 S2 2 D4 3
Bylgides sarsi B3 2 S1 1 D4 3
Nereis diversicolor B5 3 S2 2 D1 1
Polydora redeki B2 2 S1 1 D4 3
Pygospio elegans B2 2 S1 1 D4 3
Manayunkia aestuarina B2 2 S1 1 D2 1
Idotea spp. B0 0 S1 1 D2 1
Saduria entomon B3 2 S3 3 D1 1
Asellus aquaticus B0 0 S2 2 D1 1
Jaera spp. B0 0 S1 1 D2 1
Gammarus spp. B1 1 S1 1 D2 1
Monoporeia affinis B3 2 S2 2 D1 1
Corophium volutator B5 3 S1 1 D1 1
Crangon crangon B3 2 S2 2 D4 3
Chironomidae B2 2 S1 1 D1 1
Chironomus spp. B2 2 S1 1 D1 1
Ephemeroptera B2 2 S1 1 D1 1
Trichoptera B2 2 S1 1 D2 1
Notes: The estimated contribution of each subgroup to the overall potential for a benthic ecosystem property is scored as 0, no
impact; 1, low; 2, medium; and 3, high impact. The following subgroupings were identified: bioturbation (B; 0, no transport or
pelagic; 1, small individual or epibenthic surface modifier; 2, very small individual or tube dweller or infauna top; 3, biodiffuser,
infauna top; 4, large biodiffuser, infauna bottom; and 5, medium-sized gallery diffuser); stability (S; 1, small, short-lived species
[<2 yr]; 2, medium-sized species with a life span of 2–5 yr; 3, large, long-lived species [5–10 yr or more]); dispersal (D; 1, semel-
parous reproductive frequency, direct development without a planktotrophic larval stage; 2, annual reproductive frequency, direct
development, no planktotrophic larval stage; 3, lecitotrophic larvae with a short planktotrophic larval stage; 4, annually episodic
or protracted reproductive frequency, planktotrophic larvae during months).
†Not included in juvenile dispersal potential, as reproduction in Anodonta spp. involves a parasitic stage (in fish; Haukioja and
Hakala 1978), complicating the dispersal assessment.
84 ANNAVILLN€AS ET AL.
Ecological Applications
Vol. 28, No. 1
50th, 75th, and 95th percentile), where observations in
the first quartile got the lowest functional value (1), the
second a value of 2, and so on, while observations above
the 95th percentile were given a value of 5. Values were
then summed across properties to provide an overall
estimation of benthic EMF at a site (Figs. 2, 3). Spatial
clustering and outlier analysis (Local Moran’s I; Anselin
1995) was used to analyze the standardized spatial struc-
ture of each cumulative property and the estimation of
EMF separately (Fig. 3). Local Moran’s I z scores were
used to find clusters of sites with high values (HH) and
low values (LL) relative to the average of all sites, and
outlier sites that have either high values (HL) or low
values (LH) relative to neighboring sites. The false
discovery rate method was used to correct P values for
multiple tests (Benjamini and Hochberg 1995) and data
was fourth-root transformed prior to analyses to reduce
skewness. The spatial analyses were conducted in Arc-
GIS 10.2 (ESRI, Redlands, California, USA).
Environmental parameters directing benthic
ecosystem functionality
Distance based linear models (DISTLM) were used to
identify environmental parameters most related to the
spatial patterns in the functional trait subgroups repre-
senting each property and to the estimate of EMF
(Fig. 3) using the subset of 72 sites with the additional
environmental parameters available. The response
matrix consisted of site data of the abundance-corrected
functional trait subgroups or the overall estimation of
EMF, while environmental parameters were depth (m),
wave exposure, sediment organic matter (%), grain size
(%), bottom and surface water temperature (°C), bottom
water salinity, oxygen content (%), and the Secchi depth.
Due to high observed correlations between sediment
organic matter and mud and coarse sand with both very
coarse sand and fine sand, models were constrained to
only use one of each of these sets. Final inclusion of pre-
dictor variables in the model was based on AIC criteria
and a forward as well as a backward selection procedure.
The DISTLM analyses were performed with the PRI-
MER PERMANOVA+ package (Anderson et al. 2008).
RESULTS
Groupings of biological traits
SIMPROF tests suggested that there were strong asso-
ciations between trait modalities important for benthic
bioturbation (SIMPROF 2, Pi = 12.67, P = 0.0001;
SIMPROF 3, Pi = 17.34, P = 0.0001). Cluster analysis
distinguished five different functional trait subgroups that
were combined with, at least, 64% similarity (Table 2;
Appendix S2: Fig. S1A). The traits “pelagic” and “no sedi-
ment transport” could not be statistically separated from
one another and were thus considered as one subgroup
(impact scoring for overall bioturbation potential; 0).
Another subgroup was created by traits describing small
individuals and epibenthic surface modifiers, while the
next sub-group consisted of tube dwellers and infauna in
the top sediment layer (impact scoring 1 and 2, respec-
tively). The traits “large” and “biodiffuser” were statisti-
cally inseparable, and were grouped together with
“infauna bottom” creating the following subgroup (impact
scoring 3). Finally, medium-sized gallery diffusers created
the last functional sub-group depicting benthic bioturba-
tion (impact scoring 3). However, the hypothesized trait
combination “biodiffuser, in the upper part of the sedi-
ment (top 2 cm)” was not discerned by the cluster analy-
ses. It was still accounted for in the subsequent analyses,
and scored as having a medium impact (2) for the overall
bioturbation potential (Table 2; Appendix S2: Fig. S1A).
For traits related to the stability of the benthic com-
munity, three different trait groupings were discerned
(SIMPROF 2, Pi = 12.92, P = 0.0001; SIMPROF 3,
Pi = 12.93, P = 0.0001). The traits large body size and a
life span of 5–10 yr could not be statistically separated
from one another (impact scoring for overall stability
potential 3). Likewise, the traits medium size and a long-
evity of 2–5 yr were grouped together (impact scoring
2). The third trait combination described small (very
small and small) and short-lived (<1 yr, 1–2 yr) species
(impact scoring 1; Table 2; Appendix S2: Fig. S1B).
Traits describing juvenile dispersal potential also showed
associations between modalities (SIMPROF 2, Pi = 13.27,
P = 0.0001; SIMPROF 3, Pi = 29.27, P = 0.0001). Cluster
analysis discerned three different subgroupings, within
which trait modalities showed at least 62% similarity
(Table 2; Appendix S2: Fig. S1C). Trait attributes describ-
ing a semelparous reproductive frequency, direct develop-
ment, and no planktotrophic larval stage were closely
grouped together (impact scoring for overall dispersal
potential, 1). Lecitotrophic development strategy and a
short planktotrophic larval stage (days) could not be statis-
tically separated, creating another functional subgroup
(impact scoring, 2). The third grouping, describing species
with annually protracted and episodic reproductive fre-
quencies and planktotrophic development with larvae in
the plankton during month(s), was considered to have high
impact (3) on the community dispersal potential. Still, one
additional combination of attributes was predicted from
the expressed benthic features, namely “annual repro-
ductive frequency,” “direct development,” and “no
planktotrophic larval stage” (impact scoring, 1). The
subgroupings of different trait modalities were sup-
ported by the pattern displayed by coherent trait
curves (results not shown).
Spatial variation in subgroups of functional traits
The number of biological trait modalities and func-
tional trait subgroups observed at a site were significantly
correlated with each other and with the number of species
(q ≥ 0.8, P < 0.001, N = 426). The average number of
species at the 427 sites was 5.0  2.6 (mean  SD), while
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a maximum of 15 species was found at a site. The number
of biological trait modalities and functional-trait sub-
groups were, on average, 18.7  5.4 and 8.2  2.7, respec-
tively, with maximum values of 26 and 13 (Appendix S3:
Table S1). In the outermost water basin both high abun-
dances and a high number of functional trait sub-groups
was observed (Appendix S3: Table S1). Benthic communi-
ties in this basin differed in terms of functional trait sub-
groups to inner archipelago basins, which had lower
functional diversity (Kruskal-Wallis nonparametric test;
v2 = 76.18, df = 16, P < 0.001, Appendix S3: Table S1).
Bioturbation potential
Considering the entire data set, “small, epibenthic sur-
face modifiers” was the dominant sub-group describing
the benthic bioturbation potential in the study area (in
total 36%), together with the sub-groups “medium-sized
gallery diffusers” (22%) and “large, deep-burrowing biod-
iffusers” (27%). Very small tube dwellers in the uppermost
part of the sediment contributed 12% to the bioturbation
potential. Few individuals belonged to the sub-groups of
“biodiffusers, top sediment” or to “no effect” on sediment
reworking (~3%; Fig. 4). Differences occurred between
basins (ANOSIM, Global R = 0.14, P = 0.0001), with
the outer archipelago areas dominated by gallery diffusers
and large biodiffusers in bottom sediments (Figs. 4, 5A).
Several basins situated in the inner archipelago were dis-
tinguished by a dominance of very small tube dwellers in
the uppermost layer of the sediment (Figs. 4, 5A) Three
sub-basins (Storfj€arden, Inkoo Deger€o, Inko Fagervik)
had an even distribution of several functional trait sub-
groups, and differed significantly from both inner and
outer archipelago areas (Figs. 4, 5A). The cumulative
expression of bioturbation was highest to the west of the
Hanko Peninsula and in two adjacent basins west of
Porkkala Peninsula, while the innermost sub-basins had a
low cumulative expression (Fig. 5B, C).
Community stability
The majority of individuals in the study area belonged
to the trait sub-group of “small (very small and small)
and short-lived (<1, 1–2 yr)” individuals, while 20%
belonged to the subgroup describing “medium-sized indi-
viduals, 2–5 yr.” The share of individuals in the sub-
group “large (l) and long-lived (5–10 yr)” was 30%
(Appendix S4: Fig. S1). There were few differences in sta-
bility subgroupings between areas (ANOSIM Global
R = 0.106, P = 0.0001). However, four of the inner basins
were significantly separated from 75% of the other areas
(ANOSIM, P < 0.05), being heavily dominated by the
sub-group of “small, short-lived individuals” (Appen-
dix S4: Figs. S1, S2A). One of the basins west of Hanko
Peninsula was distinguished from the other areas due to
the dominance of the sub-group “medium sized, 2–5 yr
individuals,” which resulted in a high average between-
sample similarity (SIMPER: 74.5%). In several outer sub-
basins, sub-groups describing “large, long-lived” as well
as “medium-sized, 2–5 yr” individuals played an impor-
tant role for the stability of the community (Appendix S4:
Figs. S1, S2A). The cumulative expression of stability was
highest in two adjacent basins west of Hanko Peninsula
and in two adjacent basins west of Porkkala Peninsula. In
contrast, the lowest cumulative expression was observed
in the innermost basin east of Hanko Peninsula (Appen-
dix S4: Fig. S2B, C).
Juvenile dispersal potential
The majority of individuals (75%) in the study area
belonged to the sub-group having a very high potential
for dispersal (i.e., annual reproductive frequency with a
long planktotrophic larval stage). 21% of the individuals
were semelparous, with direct development and no
planktotrophic larval stage. The rest belonged to the
sub-group of “local brooders with planktonic larvae,” or
had a direct development, but reproduced during an
annually protracted period (Appendix S5: Fig. S1).
There were few pronounced differences in dispersal
groupings between basins (ANOSIM Global R = 0.10,
P = 0.0001), but outer archipelago basins differed from
the inner ones (R > 0.3, P < 0.001; Appendix S5:
Fig. S2A). Individuals belonging to sub-groups describ-
ing an annually episodic or protracted reproductive fre-
quency and a long planktotrophic larval phase
dominated the outer basins (and contributed to >75% of
within area similarities), while individuals with a semel-
parous reproductive frequency and direct development
comprised up to 60% of within area similarities in less
exposed basins (SIMPER, Appendix S5: Fig. S1). The
cumulative expression of dispersal was highest in two
adjacent basins west of Hanko Peninsula and west of
Porkkala Peninsula, respectively, and lowest in inner
basins (Appendix S5: Fig. S2B, C).
Estimation of benthic ecosystem multifunctionality
Benthic EMF was highest in two adjacent outer archipe-
lago basins west of Hanko Peninsula and two west of the
Porkkala Peninsula (Fig. 6). Interestingly, one of these
sub-basins (Bromarv), had low species diversity
FIG. 5. (A) For benthic bioturbation, the most significant differences (i.e., ANOSIM; pairwise comparisons, R > 0.25,
P < 0.05) in functional trait subgroups (cf. Fig. 4) between water bodies are marked. The water bodies with similar shading are sta-
tistically inseparable, but significantly different from water bodies marked with other shading. (B) The cumulative expression of
benthic bioturbation. (C) Anselin local Moran’s I indicates statistically significant (P < 0.05) cluster of sites with high (HH) and
low (LL) cumulative expression of bioturbation. Sites with high values surrounded by sites with low values are marked with HL,
while LH mark sites where low values are surrounded by high. [Color figure can be viewed at wileyonlinelibrary.com]
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(Appendix S3: Table S1) but high EMF, due to the pres-
ence of a species complex important for all of the consid-
ered benthic ecosystem properties, Marenzelleria spp.
Clusters of sites with low EMF in the innermost archipe-
lago were also identified, while outliers were common in
one sub-basin situated in the middle archipelago (Fig. 6).
Environmental variables related to functional trait
groupings and benthic ecosystem multifunctionality
The most important environmental drivers of the func-
tional trait subgroups describing benthic bioturbation
were temperature stratification of the water column,
FIG. 6. Overall estimation of benthic ecosystem multifunctionality along the southwest Finnish coast. Three ecosystem proper-
ties are assessed, i.e., bioturbation, stability, and juvenile dispersal. Each property was assigned a functional value relative to its
maximum, and the individual property values were summed to reach an overall estimation of benthic ecosystem multifunctionality.
Clusters of sites with values of similar magnitude are marked, as well as outliers (P < 0.05, for explanation of labels, see Fig. 5).
[Color figure can be viewed at wileyonlinelibrary.com]
TABLE 3. Results of variation partitioning analyses (DISTLM) quantifying the marginal and partial effects of environmental
variables on the functional trait subgroups describing benthic bioturbation, stability and juvenile dispersal, as well as on the
overall estimation of benthic ecosystem multifunctionality (EMF).
Variable
Bioturbation
(AIC = 471.0,
R2 = 32.8)
Stability
(AIC = 446.0,
R2 = 38.9)
Juvenile dispersal
(AIC = 437.2,
R2 = 46.5)
EMF
(AIC = 110.2,
R2 = 62.4)
Marg. Part. AIC Marg. Part. AIC Marg. Part. AIC Marg. Part. AIC
OM (%) 10.8* 6.8** 473.6 13.7** 10.2** 453.4 18.5** 18.5** 454.5 36.6** 36.6** 134.1
O2 (%) 10.1** 8.9** 477.4 11.0** 4.9* 446.1 10.2** 2.9*** 439.9 14.0* 2.3ns 120.1
Salinity 7.9** 4.9* 471.0 8.6* 6.8** 449.1 10.4** 4.3* 442.2 8.5*** 3.7* 121.3
Temp.diff. (°C) 12.2** 12.2** 482.4 17.0** 17.0** 459.9 7.5* 1.9ns 438.4 2.5ns 5.0* 114.7
Depth (m) 10.6** 14.9** 6.9* 13.8** 437.2 0.005ns
Temp. (°C) 10.2** 14.9** 7.1* 1.2ns 2.1ns 111.5
Secchi depth 6.0* 6.4* 9.9** 11.4*
Exposure 7.0** 10.0** 9.6** 8.0***
Gravel 1.1ns 1.0ns 2.5ns 7.1***
Very coarse sand 4.8* 5.5*** 11.1** 2.9*** 441.1 14.8**
Fine sand 3.7*** 4.2*** 6.8* 10.3*
Very fine sand 9.7** 12.3** 17.3** 2.8*** 438.7 34.5** 2.0ns 110.2
Notes: The marginal test (Marg.) represents the relationship between the response data cloud and an individual explanatory vari-
able alone, while the partial (Part.) test describes this relationship after fitting the other variables. AIC, Akaike information
criterion, where lower values describe a better model; OM, organic matter; Temp.diff., difference between surface and bottom water
temperature (°C).
*P < 0.05, **P < 0.01, ***P < 0.001, ns P > 0.05.
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bottom water oxygen and salinity content, and the sedi-
ment organic matter content (total R2: 32.8%, Table 3).
All trait subgroups describing bioturbation were repre-
sented in well-oxygenated, coarse, sandy sediments, while
medium-sized gallery diffusers and, especially, very small
tube dwellers in the uppermost part of the sediment
became more common as bottom water oxygen content
decreased and sediment organic matter content increased.
Environmental parameters could describe a large part
of the variation in trait subgroups portraying benthic
stability (total R2: 38.9%; Table 3). Again, temperature
stratification, sediment organic matter content, bottom
water oxygen and salinity were the most important envi-
ronmental drivers (Table 3). All trait groupings were
most abundant at sites with high oxygen and salinity val-
ues, where sediment organic matter was low.
Functional trait subgroups describing juvenile disper-
sal were foremost predicted by sediment organic matter
and depth (total R2: 46.5%, Table 3). Functional trait
subgroups representing a higher dispersal potential were
found to be more common at sites with coarser sedi-
ments, while sites with higher organic matter content
and less oxygen and salinity in bottom waters (oxygen
and salinity together explaining 7.2% of the total
variation, Table 3), were characterized by individuals
with a lower dispersal potential, displaying a semel-
parous reproductive frequency, direct development, and
no planktotrophic larval phase.
The variation in benthic EMF was strongly related to
single environmental predictors describing sediment
properties, water column stratification as well as bottom
water salinity (Table 3). Overall, 62.4% of the variation
in EMF could be explained, with sediment organic mat-
ter alone being able to explain 36.6% (P = 0.0001) of the
total variation (Table 3).
DISCUSSION
Our study is able to identify coastal areas (current
marine management basins) with high and low potential
for benthic bioturbation, stability, and juvenile dispersal,
based on groupings of biological traits. We also demon-
strate that the functional trait subgroups are the ones
that occur naturally for the resident species and by scor-
ing them according to their weighted ecological impact,
an actual representation of benthic ecosystem properties
was gained. We furthermore offer an overall estimate of
benthic ecosystem multifunctionality (EMF), which
sums over the considered properties. Importantly, we
show that a large part of the spatial differences in trait
groupings as well as the estimate of multifunctionality is
explained by environmental information. Hence, we
argue that this study can provide a template for estimat-
ing differences in ecosystem functionality over large geo-
graphical scales, information sorely needed in marine
management and spatial planning efforts striving to bal-
ance the utilization with the preservation of natural
resources.
The quantification of ecosystem functions and services
in marine areas is complicated by ecological complexity,
functional scale dependency, and a lack of data (Town-
send et al. 2014) and there is a need for alternative
approaches to evaluate ecosystem functionality. This has
been increasingly recognized and studies to date have
estimated the spatial variability in ecosystem functions
by, for example, considering variation in the number of
traits important for ecosystem processes (Rees et al.
2012) or by identifying differences in the trait expression
of benthic communities between contrasting environmen-
tal settings (Bolam et al. 2017). Studies have also used
established proxies to assess the spatial variability in sin-
gle ecosystem functions such as secondary production
(Bolam and Eggleton 2014) or bioturbation (Gogina
et al. 2017). Interestingly, hot spots for ecosystem func-
tionality have also been identified by encompassing a
range of ecosystem processes in several habitats (Eyre
and Maher 2011). By quantifying each individual ecosys-
tem process, using measured process rates and area
extent of the habitat, the functional importance of each
habitat to overall ecosystem multifunctionality was esti-
mated (Eyre and Maher 2011). Furthermore, where data
are scarce, the potential for multiple ecosystem services
has been mapped through defining them from a series of
principles based on current ecological understanding and
by linking these to marine biophysical parameters
(Townsend et al. 2014). Utilizing a spatially large data
set, as well as expert knowledge, our study takes the
above mentioned approaches a step forward by offering a
template on how to identify and score relevant functional
trait subgroupings for estimating a range of ecosystem
properties, resulting in an overall approximation of
ecosystem multifunctionality.
In this study, we used groupings of biological traits as a
proxy for benthic ecosystem properties. By starting from
a species by traits matrix with abundance-corrected, fuzzy
coded data, we recognize that species’ affinities to differ-
ent trait modalities do vary. Interestingly, despite the large
number of possible combinations among trait modalities
for each process, our study identifies that traits do not
occur randomly and that only a smaller number of
combinations are realized, simplifying the assignation of
species to trait subgroups that represent ecosystem prop-
erties. Such trait interactions can be a result of trade-offs
(i.e., the investment in one trait modality leaves fewer
resources available for another), spin offs (selection favors
traits modalities that act together), or a result of con-
straints (Verberk et al. 2013). For example, we found that
a semelparous reproductive frequency often favored direct
development of juveniles. This trade-off increases the sur-
vival probability for the juveniles at the expense of adult
survival (Giangrande et al. 1994). As predicted by the
rate of living theory, we also observed that larger animals
had a longer life span than smaller species, which could
be considered as a spin-off directed by metabolic rate
(Brown et al. 2004). When describing the benthic biotur-
bation potential, a constrained interaction is exemplified
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by the epibenthic fauna, which mainly modified the sedi-
ment surface (cf. Pearson 2001).
However, another explanation for the small number of
trait interactions observed could be the reduced species
diversity occurring in the Baltic Sea. The current distri-
bution of species in the Baltic Sea is a result of strong
environmental filtering (Bonsdorff 2006), implying that
species present are adapted to a few environmental niches
and likely to present a similar combination of traits. For
example, the variation in benthic community structure in
our examined study area has been suggested to be a
result of similar responses of species’ to an underlying
environmental gradient across sites (Valanko et al. 2015).
How trait modalities interact is an important avenue for
new research. It would improve our understanding of
species-environment relationship (Poff 1997), and be fun-
damental for estimating effects of species on ecosystem
properties. Convergent evolution in response to environ-
mental features is one of the strongest arguments for cat-
egorization of traits (Winemiller et al. 2015). This makes
the geologically young Baltic Sea an ideal setting to eval-
uate trait interactions.
One essential finding of this study is that the identified
trait sub-groups differ in functionality compared to the
use of single traits. It is clear that consideration of single
trait modalities does not describe the functionality of the
ecosystem. For example, consider the modality “large”
and its importance for benthic bioturbation. Bivalves
such as Macoma balthica and Mytilus trossulus can both
be “large,” but onlyMacoma affects benthic bioturbation
(as Mytilus is an epibenthic species). Our study makes
use of mechanisms demonstrated from the literature to
derive weighting that estimate the impact of a trait sub-
group on a property, acknowledging that certain func-
tional groups are more important for sustaining benthic
ecosystem functionality than others (cf. Foley et al. 2010,
Norkko et al. 2013, Lohrer et al. 2015). For example,
large gallery and biodiffusers in deeper parts of the sedi-
ment are known to oxygenate the sediment, which stimu-
lates microbial activity and can enhance overall nutrient
binding (PO4
3) and/or removal (N2; Kristensen 2000).
These trait subgroups were thus considered to have a
higher impact on sediment bioturbation than, for exam-
ple, small epibenthic surface modifiers, known to mainly
bioturbate and resuspend the top centimeter of the sedi-
ment (Orvain et al. 2004).
By using trait groupings to estimate benthic ecosystem
properties, we found pronounced divergences between
outer, exposed archipelago areas and the innermost shel-
tered sites. In the outer archipelago areas, benthic fauna
generally displayed higher functional diversity and also
expressed a greater cumulative expression for bioturba-
tion, stability, and juvenile dispersal. In general, these
more exposed outer areas had a higher salinity and coar-
ser sediments than the inner sites. Their fauna was diverse
and abundant, and their ecological status (based on the
Brackish Water Benthic Index; Perus et al. 2007) has been
found to be higher compared to the inner archipelago
sites (Snickars et al. 2016). The similarity in spatial pat-
terns observed for the cumulative expression of the three
properties suggests that no trade-offs between the consid-
ered properties existed (de Bello et al. 2010, Lefcheck
et al. 2015). For example, large biodiffusers deep in the
sediment had high potential for dispersion (breeding every
year and having a long planktotrophic larval stage) and
were considered to increase the stability of the benthic
community (long life span). Such synergies between
ecosystem properties can enable the identification of func-
tionally important areas, serving as “hotspots” also from
biodiversity and marine spatial planning perspective (cf.
Foley et al. 2010, Lavorel et al. 2011) and highlight the
importance of a few, abundant, key species for overall
ecosystem functioning (cf. Norkko et al. 2013). Consider-
ing their disproportionate impact, it is suggested that
ecosystem-based marine spatial planning efforts should
aim to preserve and, if necessary, restore such populations
of functionally important species (Foley et al. 2010).
Interestingly, however, due to high abundance of one
functionally important taxon, Marenzelleria spp., basins
could express high multifunctionality although having
only a moderate diversity (in terms of species and trait
combinations). Marenzelleria spp. is an invasive surface
deposit feeder and an efficient bioirrigator that buries
deeper into the sediment than other resident species
(Renz and Forster 2013) and adds new functionality to
the native communities (Hewitt et al. 2016, Kauupi
et al. 2017). This species is known to be tolerant against
disturbances and can endure low oxygen conditions
(Norkko et al. 2012), indicating that conditions at a site
do not have to be good for all species in order to exhibit
high levels of multifunctionality.
Although high diversity might not be a requirement for
the maintenance of benthic ecosystem functions even in
low-diverse systems such as the Baltic Sea (Elmgren and
Hill 1997), preserving or restoring species and functional
diversity will be essential for sustaining ecosystem services
from a management point of view (Foley et al. 2010,
Greenfield et al. 2016). This is especially important in
cases where the loss or reduction of individual species can
lead to the loss of an entire functional group, with harm-
ful consequences for benthic ecosystem functions (Elm-
gren and Hill 1997, Norkko et al. 2013, Greenfield et al.
2016). Indeed, our results showed that the inner water
basins, characterized by a low potential for the examined
ecosystem properties, had benthic communities express-
ing fewer and less influential trait groupings for benthic
bioturbation, stability, and dispersal. Still, a majority of
the considered water basins could not be separated
according to differences in functional trait subgroups,
and the variability in the estimations of ecosystem proper-
ties within water basins was generally high. Between 32
and 47% of the variation in single ecosystem properties
could be explained by environmental factors. Interest-
ingly, the overall estimate of benthic ecosystem multifunc-
tionality gained the highest explanatory power (62%) and
was foremost directed by variation in sediment organic
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content. It is important to highlight that the variation in
benthic properties and ecosystem multifunctionality can
be explained by environmental variables indicative of
eutrophication-induced hypoxia, the most prominent dis-
turbance of benthic habitats in the Baltic Sea (Conley
et al. 2011). It suggests that this template could be used
to evaluate what benthic ecosystem functions might be
lost in case of stress (Mouillot et al. 2013) and provides
managers with a method to assess human impact, which
is essential for resource planning and ecosystem based
management (Townsend et al. 2014).
The suggested template for estimating properties of the
benthic ecosystem and combining these to a measure of
multifunctionality is an approach driven by expert opin-
ion as well as large-scale data. In addition to the litera-
ture-based weighting of the impact of the sub-groups on
each property, the subsequent calculation of multifunc-
tionality of the benthic ecosystem relies on a subjective
definition of percentile thresholds and associated scores
for each property. The validity of this method depends
on the size of the underlying data set, and therefore we
suggest that in case of small data sets, bias-corrected
bootstrapping of the samples could be used before identi-
fying the percentiles. By relying on expert opinion, it
should be stressed that the suggested template does not
offer a quantitative estimation of benthic ecosystem func-
tions. It is a “best you can get” approach, where uncer-
tainties depend on available knowledge of species and
their traits, and the inherent differences in species’ trait
expression. Hence, the template simply offers an identifi-
cation of sites with higher and lower potential for benthic
ecosystem properties and multifunctionality.
The advantages of the suggested template is that differ-
ent properties of the ecosystem can be assessed, if only
trait data are available. For example, the approach can be
used to estimate the provision of food resources by the
benthic ecosystem to higher trophic levels by accounting
for traits such as energy content and palatability (Weigel
et al. 2016). The template can also be replicated to other
data sets and give an estimate of, for example, biodiver-
sity as predicted by traits describing benthic habitat
complexity across scales (Thrush et al. 2001). Hereby,
the approach could offer a way to assess the ecological
impacts of trawling and dredging. By using the template
it is also possible to account for across habitat and
ecosystem functionality, through evaluating the contribu-
tion of different compartments to common properties.
For example, by quantifying traits such as carbon
content and turn-over in both algae, vascular plants and
animals, estimations on current carbon stocks and their
stability and maintenance could be performed in ecosys-
tems facing global change. The trait grouping approach
could be a useful and relatively simple way of extracting
information that bears relevance to assessments of
ecosystem functionality, including pinpointing areas with
different levels of functional capacity. This is central for
successful conservation efforts and for identification of
areas in need of mitigation measures.
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